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 The increasing demand for rare earth elements (REE) in automotive sector, electronics, 
renewal energy and catalysts, has led to a growing interest in their production process. Solvent 
extraction (SX) in hydrometallurgy is the most important process for separating and obtaining the 
REE. First, a leaching solution of dissolved elements (aqueous phase) is forcibly mixed with an 
immiscible organic solvent (organic phase), which extracts only the desired element/s. Using 
fluorine-free ionic liquids (ILs) instead of the conventional organic diluents (kerosene, toluene) 
improve the sustainability of the process, because ILs are non-volatile and non-flammable. The 
objective here is to study the performance of ILs in SX to selectively separate the two lightest REE 
lanthanum and cerium (La, Ce) from the next one on the series; praseodymium (Pr). This is of 
interest because concentrates with La and Ce have the lowest price and are not even accepted in 
China, which dominates the world SX industry/market. It is also a challenging question because 
consecutive REE are the most difficult to separate within the group. 
The ILs studied were Cyphos® IL-101 and Aliquat® 336 in their nitrate form 
([P6.6.6.14]
+[NO3]
– and [N8.8.8.1]
+,[N10.10.10.1]
+[NO3]
–) and the aqueous phase consisted of a synthetic 
feed solution of La, Ce and Pr with chloride anions (Cl–). The SX was carried out by split-anion 
reaction at equal phase volumes [1]. Different parameters were varied in the aqueous phase (initial 
pH, water:ethylene-glycol (EG) ratio, REE and Cl– concentrations), in the organic (ILs) phase (the 
amount of dissolved neutral extractant: TBP and Cyanex® 923) and during the SX (temperature and 
mixing speed).  
The results showed that the extraction of REE with both ILs is possible and follows a 
reversed sequence being the extraction efficiency (%E) of La and Ce > the %E of Pr. The %E is 
most affected, and with a positive correlation, by the mixing speed, the concentration of chloride 
ions in the aqueous phase and of Cyanex® 923 in the organic phase. A high mixing speed decreases 
the size of emulsion droplets, and hence, increases the interfacial-surface area available for the mass 
transfer and transport of the REE. The chloride ions can be associated with IL cations, facilitating 
the release of nitrate ions from the IL to readily coordinate and extract REE as x-nitrate complexes. 
Diluting Cyanex® 923 in the IL provides phosphine oxides, molecules with a high Gutmann donor 
number, resulting in stronger interactions with the Lewis acidic REE complex. When Cyanex® 923 
is applied, the extraction sequence is reversed back to a positive order as %E of Pr > %E of Ce and 
La. This second approach is preferable, as it reduces the organic phase and extraction stages needed 
for the full separation, because La and Ce are in much higher concentrations than the rest of REE. 
Finally, the separation factors (αA,B i.e., selective extraction of A relative to B) obtained from an 
aqueous phase with 4 M Cl– and 40 g/L La, Ce and Pr, based on the composition of a real leaching 
solution from Norra Kärr deposit (Tasman Metals Limited), were of particular importance, taking 
into account that the similarity of the chemical properties of REE is the highest between adjacent 
pairs. 
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